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Abstract
The	main	purpose	of	 this	 research	 is	 to	determine	 the	usability	of	augmented	 reality	 in	open	and	distance	
learning environments in accordance with universal design principles, and to make predictions for the future 
by	gathering	expert	opinions	on	this	subject	using	the	Delphi	technique.	The	Delphi	technique	was	applied	to	
14	expert	participants	for	3	rounds	as	the	primary	data	collection	tool	with	open	ended	questions	based	on	the	
theoretical framework. Structured interview questions were used as a secondary data collection tool and were 
applied during an academic exchange in China. In the Delphi technique used as the primary data collection tool, 
92	themes	were	evaluated	by	experts	and	accepted	as	usability	principles	by	end	of	this	research.	Therefore,	
92 themes under 21 titles were presented for the use of augmented reality within the framework of universal 
design	principles	in	open	and	distance	learning.	This	research	may	be	the	first	unique	study	on	the	usability	of	




in	shedding	 light	 to	 the	enrichment,	diversification	and	 increased	 interaction	of	open	and	distance	 learning	
environments	 in	accordance	with	universal	design	principles,	bringing	a	new	perspective	 to	how	a	different	
technology	convergence	may	be	conducted,	providing	further	accessibility.





of distance learning– to the advanced computer and internet technologies encompassing smart and 
flexible	learning	environments	today	–the	latest	generation	of	distance	learning–	distance	learning	
applications differentiate in various ways. As such, it is apparent that information and communication 
technologies	had	great	influence	in	the	development	and	shaping	of	this	discipline	throughout	its	
generations. While the generations of open and distance learning applications differ, the tools and 
approaches	 of	 previous	 generations	 do	 not	 disappear	 but	 rather	 continue	 to	 exist	 through	 their	
enrichment	by	 innovative	 tools	 (Gündoğan,	2012).	 In	 this	 interconnected	process,	developments	
in information and communication technologies are the greatest determinants on what innovative 
tools	will	be.
The school system lasting from the 15th and 16th centuries that require learner attendance, 
note-taking and examinations, has evolved into a more experimental and interactive state in this 
century	with	 the	emergence	of	new	 technologies,	allowing	more	effective	 learning	by	 learners	
(Núñez et al., 2008). Traditional activities with low interaction classroom environments and 
materials	are	making	way	 for	unique,	 interesting,	 stimulating,	 realistic	and	accessible	 learning	
environments	that	provide	the	opportunity	for	more	interactive	collaborative	work.	In	this	regard,	
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institutions providing open and distance learning products and services are aiming to provide 
more interesting and stimulating learning opportunities to learners (Pérez-López & Contero, 
2013). It is of great importance that open and distance learning environments are equipped 
with new communication technologies and designed to provide learners with highly interactive 
environments and seamless information (Topa-Çiftçi, 2011). One of the most interesting of these 
new technologies is augmented reality.



















While	 the	 usability	 of	 augmented	 reality	 widely	 utilized	 in	 traditional	 face	 to	 face	 learning	
environments	for	 learners	at	distance	 locations	 is	debatable,	 the	number	of	studies	regarding	the	
distance access of augmented reality is limited (Alsina-Jurnet & Guardia-Ortiz, 2015; Altinpulluk 
&	Eby,	2016;	Harr,	2015;	Pejsa	et	al.,	2016;	Scavo,	Wild,	&	Scott,	2015;	Yoon	et	al.,	2019).	This	
study,	which	aims	 to	determine	 the	usability	of	augmented	 reality	 in	open	and	distance	 learning,	
establishes	 a	 theoretical	 framework	 in	which	 only	 the	 “technology”	 aspect	 of	 open	 and	 distance	
learning	environments	are	explored,	while	the	relationships	with	“learning”	and	“communication”	are	
also taken into consideration. In this regard, in the preparation of a theoretical matrix, the horizontal 
axis	 is	 comprised	 of	 the	 “learning”,	 “technology”,	 and	 “communication”	 components	 of	 open	 and	
distance	 learning	 (Eby,	 2013;	Moore	&	Kearsley,	 2011).	The	 second	 approach	 of	 the	 theoretical	
framework	established	are	universal	design	principles.
Universal	 design	 principles	may	 be	 used	 in	 various	 disciplines	 as	 an	 approach	 to	 optimize	
the functional capacity of all individuals through increasing awareness. While the roots of 
these	 principles	 lie	 in	 architecture,	 they	 have	 been	 widely	 adapted	 for	 various	 studies	 in	 the	
field	of	education	and	generally	serve	 to	establish	meaningful	 learning	environments	 that	may	
be	presented	for	use	to	all	 individuals	 in	an	equally	accessible	manner	by	removing	obstacles.	
The literature review conducted did not reveal any studies in which augmented reality, universal 
design principles, and open and distance learning were correlated. This study aims to present the 
usability	of	augmented	reality	in	open	and	distance	learning	environments	from	the	perspective	
of universal design principles.
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Purpose of the Study
The	fundamental	goal	of	this	study	is	to	determine	the	usability	of	augmented	reality	 in	open	and	





tive open and distance learning experiences using augmented reality,
 • To	establish	a	roadmap	that	combines	augmented	reality	with	the	established	structure	of	open	
and distance learning environments and,
 • To	draw	the	outline	and	analyze	the	processes	involved	in	the	establishment	of	the	required	
 infrastructure for the future use of augmented reality in open and distance learning environ-
ments.
Importance of the Study
This	 research	may	be	 the	first	unique	study	on	 the	usability	of	augmented	 reality	not	 just	as	 the	
convergence	of	this	technology	with	open	and	distance	learning	environments	but	also	incorporating	
the	 learning	 and	 communication	 dimensions	 of	 this	 convergence,	 thereby	 contributing	 to	 the	









Literature Review: Augmented Reality Studies in Education and 
Open and  Distance Learning
With	 the	development	of	web	based	computer	 technologies,	 the	design	of	 learning	environments	
has	become	more	realistic,	unique,	entertaining,	and	intriguing.	With	great	potential	for	establishing	
learning environments with these characteristics, augmented reality –with the interactions it provides– 
is	tending	to	proliferate	in	traditional	learning	environments.	It	may	be	seen	from	content	analysis	and	
systematic	literature	review	studies	that	the	number	of	academic	studies	conducted	on	the	use	of	
augmented reality in education is increasing yearly (Akcayir & Akcayir, 2017; Altinpulluk, 2019; Arici 
et	al.,	2019).	With	many	uses	in	different	fields,	augmented	reality	is	also	being	used	in	various	ways	
in	traditional	learning	processes	(Chang	&	Hwang,	2018;	Ibañez	et	al.,	2020;	Redondo	et	al.,	2020;	
Ruiz-Ariza et al., 2018; Sahin & Yilmaz, 2020).
While	augmented	reality	may	be	a	technology	intensively	used	in	traditional	face-to-face	classroom	
environments,	it	also	has	fields	of	use	in	open	and	distance	learning	environments.	When	studies	
using augmented reality in open and distance learning are analyzed, the majority of research was 
found	to	be	covering	augmented	reality	with	concepts	such	as	“e-learning”	and	“online	learning”	used	
augmented reality as a technology applied in traditional, face-to-face classrooms rather than remotely 
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accessible	augmented	reality	based	systems.	Just	as	it	is	used	in	face-to-face	learning	environments,	
augmented	reality	may	be	used	in	environments	requiring	distance	collaboration	or	shared	learning	
experiences (Billinghurst & Duenser, 2012). Alsina-Jurnet and Guardia Ortiz (2015) state that despite 
the	proliferation	of	augmented	reality	applications	in	traditional	learning	environments,	the	usability	










learning	 systems	 of	 Open	 Universities	 through	 remote	 access	 by	 learners	 and	 instructors.	
The	most	 prominent	 study	 is	 an	 augmented	 reality	 based	 tele-monitoring	 application	 named	
“Ghost	 Hands”,	 conducted	 by	 The	 Open	 University	 Knowledge	 and	 Environment	 Institute	 in	
England. The remote instructor utilizes a 3D virtual hand model, along with hand motion and 
audio support to ensure learners successfully complete their own motions and learning processes 
(Scavo et al., 2015).
Regarding	physical	presence,	Dede	(2005)	states	that	while	being	at	that	location	is	necessary,	




being	 there	 (Pejsa	 et	 al.,	 2016).	 The	 virtual	 person	 silhouettes	 of	 people	 are	 projected	 to	 scale	







for	 engineering	 education.	 Andujar	 et	 al.’s	 (2011)	 augmented	 remote	 laboratory	 (ARL)	 system	
stands	 out	when	 research	 on	 virtual	 and	 distance	 laboratories	 and	 augmented	 reality	 is	 parsed.	
The	ARL	system	was	developed	as	a	new	augmented	distance	 laboratory	using	virtualization.	 In	





as it (1) enriched the feeling of reality, (2) could reuse the same system for different experiments, 
and	(3)	provided	the	opportunity	to	more	easily	conduct	experiments.	Laboratory	systems	enriched	
with augmented reality also have the potential to provide experiment and practice in online learning 
processes, especially in the applied sciences.
Penn	State	University	compared	the	use	of	mouse	and	keyboard	with	smart	glasses	and	haptic	
feedback	gloves	 from	Oculus	Rift	 through	54	engineering	students.	Their	 finding	was	 that	haptic	
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The	 simulation-based	 campus	 application	 for	 geographically	 distant	 learners	 co-developed	 by	
Stanford	University	and	MIT	enabled	students’	use	of	virtual	reality	in	group	projects,	discussions,	
and networking with other individuals (Essany, 2015).
Beyond all these examples, augmented television, social networks with integrated augmented 
reality	applications,	augmented	teleconference	systems,	sensor-based	applications	such	as	Kinect,	
and	3D	holographic	projectors	also	carry	great	potential	for	remotely	accessible	augmented	reality	
applications. Despite all these studies, no studies on how augmented reality can achieve universal 
access	in	open	and	distance	learning	environments	have	been	found	in	the	literature.	In	this	context,	
the	theoretical	framework	of	this	study	was	created	by	using	universal	design	principles.
Universal Design Principles and Theoretical Framework
A	group	of	architects,	designers	and	engineers	from	the	North	Carolina	State	University	established	
a	 broad	 scope	 of	 design	 principles	 that	 cover	 environmental	 organization,	 production	 and	
communication processes, determining the seven principles of universal design. These principles 
are	 fundamental	 approaches	 to	 creating	 environments	 accessible	 to	 everyone	 regardless	 of	
characteristics	such	as	age,	skill,	or	disability.	The	following	are	the	seven	principles	of	universal	
design (Connell et al., 1997):
1.	 Equitable	Use: The	design	is	useful	and	marketable	to	people	with	diverse	abilities.	
2.	 Flexibility	 in	 Use:	 The	 design	 accommodates	 a	 wide	 range	 of	 individual	 preferences	 and	
abilities.
3. Simple and Intuitive Use: Use of the design is easy to understand, regardless of the user’s 
experience, knowledge, language skills, or current concentration level. 
4.	 Perceptible	 Information:	The	 design	 communicates	 necessary	 information	 effectively	 to	 the	
user,	regardless	of	ambient	conditions	or	the	user’s	sensory	abilities.	
5. Tolerance for Error: The design minimizes hazards and the adverse consequences of accidental 
or unintended actions. 
6.	 Low	Physical	Effort:	The	design	can	be	used	efficiently	and	comfortably	and	with	a	minimum	of	
fatigue. 
7. Size and Space for Approach and Use: Appropriate size and space is provided for approach, 
reach,	manipulation,	and	use	regardless	of	user’s	body	size,	posture,	or	mobility.	
While	 universal	 design	 may	 be	 rooted	 in	 architecture,	 these	 principles	 have	 been	 reinterpreted	
in learning environments to other concepts such as Human Centered Design, Universal Design 
for	 Learning,	Universal	Design	 for	 Instruction	 and	 the	 broader	 approach	 of	Universal	Design	 for	
Education (Smith & Buchanan, 2012). These models are closely related and carry complementary 
characteristics	(Higbee	&	Goff,	2008).
Moore and Kearsley (2011) indicate that open and distance learning comprises of the elements 
of learning, instruction, communication, and design when approached from a system perspective. 
In	 the	 same	 study,	 they	 indicate	 “technology”	 to	 be	 the	 most	 important	 determinant	 of	 the	
communication element within the conceptual model and framework of open and distance learning 
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and	Eby	 (2013)	were	adapted	 in	accordance	with	 the	nature	of	 the	study,	 resulting	 in	 “learning”,	
“communication”	and	“technology”	being	determined	as	the	primary	elements	of	open	and	distance	
learning.	 In	 the	 usability	 of	 advanced	 technology	 applications	 such	 as	 augmented	 reality,	 it	 is	
imperative	that	not	only	the	technology	aspect,	but	also	the	communication	and	learning	aspects	of	
open and distance learning environments are taken under consideration. In this regard, the horizontal 
axis of the theoretical matrix of this study comprises of the (1) Learning, (2) Communication, and (3) 
Technology elements of open and distance learning environments.
In	 accordance	with	 the	 purpose	 of	 this	 study,	 a	 cross	 stitch	 between	 the	 seven	 principles	
of universal design and the learning, communication, and technology elements of open and 
distance	learning	was	established	in	a	theoretical	framework	(Altinpulluk	&	Eby,	2016),	providing	
the	 basis	 for	 the	 research	 questions	 and	 interview	questions.	The	 combination	 of	 these	 two	


















The	 data	 gathering	 for	 this	 study	 was	 conducted	 with	 both	 local	 and	 international	 experts,	 with	
open ended questions emerging from the theoretical matrix. As the primary data gathering tool, the 
Delphi technique was applied for 3 rounds. Additionally, data from structured interview forms from 
international	participants	and	observations	supported	this	research.




 • The gap in the literature regarding similar studies resulting in unique value for this research 
justify the use of a holistic single case design.
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 • In the second and third rounds a questionnaire with a six point grade of importance was applied 
to the participants.
As	a	secondary	data	gathering	tool,	structured	interview	questions	developed	from	the	first	round	of	
Delphi was applied to international experts.
Research Scope and Participants
There are two separate communities of participants within this study. Purposive sampling was 
used	 in	 the	 first	 stage	 of	 the	 study	 to	 determine	 participants.	The	 participants	 in	 for	 the	 primary	
data	gathering	Delphi	technique	have	certain	characteristics.	The	following	were	considered	to	be	
important measures in participants:
1. The	knowledge	and	experience	regarding	the	subject,
2. The willingness and capacity to participate,
3. Having	sufficient	time	to	participate,




such, experts living in Turkey with a doctorate degree and at least 5 years of academic experience 
in	primarily	augmented	 reality,	but	also	 in	open	and	distance	 learning	and	universal	design	were	
selected as participants for the study.
The Delphi technique as a primary data gathering tool was applied in three rounds for this study. 
As a secondary data gathering tool, an interview form with four pre-structured questions was applied 
to experts during an academic exchange program –Asian Association of Open Universities (AAOU) 
Inter-university Staff Exchange Fellowship– with the Shanghai Open University in China.
There	 are	 varying	 opinions	 regarding	 the	 number	 of	 participants	 for	Delphi	 studies.	Williams	
and	Webb	(1994)	state	that	 there	 is	no	set	rule	regarding	the	sample	size	of	participants	 in	the	
Delphi panels. For example, Reid (1988) states that the panel size may vary from 10 to 1685 
participants.	Okoli	and	Pawlowski	 (2004),	however,	state	 that	 the	number	of	expert	participants	
may	 vary	 between	 10	 and	 18.	 In	 this	 study,	 an	 initial	 number	 of	 16	 experts	were	 selected	 for	
participation in the Delphi rounds.
Prior to conducting the study, the data gathering tool was analyzed and corrected with two experts 
in qualitative research. These two research experts were also individuals who met the criteria for 
participation in the list of experts of the study. At this point, these two participants evaluated the 
21	 open	 ended	 questions	 obtained	 from	 the	 theoretical	matrix	 until	 they	 reached	 a	 consensus	
regarding	language,	ambiguity	or	necessary	corrections	for	each	item.	Additionally,	a	pilot	study	
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The	Delphi	round	1	open	ended	questionnaire	was	distributed	to	16	expert	participants	along	with	
the call to participate and a link to the form via e-mail. 14 of the 16 participants selected completed 
the questionnaire at the end of round 1, while 2 participants did not respond. Table 1 portrays the 
participation of all three rounds of the study.
Table 1: Delphi participation rates
Delphi rounds No. of selected participants Responding participants Response ratio
First round 16 14 %87,5
Second round 14 14 %100
Third round 14 14 %100
As	can	be	seen	from	Table	1,	following	the	participation	of	14	of	the	16	selected	experts	in	the	first	
round of the study, e-mails were not sent to the unresponsive participants for the following rounds. 
While	the	response	ratio	for	the	first	round	was	87.5%,	the	response	rate	for	all	subsequent	rounds	
was 100%. Sumsion (1998) suggests that the successful application of a Delphi technique requires 
a	response	rate	above	70%.	Additionally,	the	researcher	must	keep	track	of	who	responds	and	who	
does not (Hasson, Keeney, & McKenna, 2000). In this regard, regular e-mail reminders were sent for 
this study to keep the response process under control throughout the Delphi rounds.
Yıldırım	and	Şimşek	 (2013,	p.	52)	state	 that	depending	on	 the	opportunity	 to	gather	data,	new	
situations that emerge during the qualitative research process may re-shape various aspects of 
the study. In essence, the direction of the research may change when necessary, and new data 
gathering	tools	may	be	developed,	and	the	new	data	gathering	tools	may	be	re-shaped	based	on	
newly emerging circumstances. In this study, one of the qualitative researchers was assigned to an 
unforeseen and unplanned assignment through an academic exchange program to the Shanghai 
Open University in a China. During the second round of the Delphi data analysis, the researcher 
conducted the data gathering during an 11-day period. Participants comprised of experts working on 
augmented	reality	at	the	Digital	Laboratory	of	the	Open	University,	and	academics	from	around	the	
world (USA, United Kingdom, China, Bangladesh, Spain, Netherlands) participating in the academic 
exchange	program.	Participation	in	this	study	was	based	on	voluntary	participation.
Thus, the limitation of experts and academics for the Delphi panelists comprising only of participants 
from Turkey was overcome, and with the inclusion of international expert opinions, new perspectives 
and opinions enriched the study.
Data Gathering Tools
The	Delphi	 technique	 gets	 its	 name	 from	 the	 “Oracle	 of	Delphi”,	 a	 figure	 from	Greek	mythology	
with	supernatural	gifts	who	prophecized	about	the	future	(Thangaratinam	&	Redman,	2005).	Since	
this study also requires certain predictions and projections regarding determining the future of use 
tendencies	 of	 “augmented	 reality”	 –a	 relatively	 new	 technology–	 in	 open	 and	 distance	 learning	
environments, the Delphi technique was applied. Delphi is a frequently utilized research technique 
for studies in technological inclinations and predictions, especially in Horizon Reports.
In	this	study	which	presents	technological	predictions,	the	Delphi	technique	was	utilized	because:
 • There	is	ambiguity	or	lack	of	information	on	the	subject	in	the	literature	(Hung,	Altschuld	&	Lee,	
2008; Skulmoski et al., 2007)
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 • It	requires	studying	and	revealing	currently	absent	situations	(Skulmoski	et	al.,	2007)
 • There	 is	 a	 lack	 of	 certainty	 on	 the	 subject	 and	 leaves	 it	 open	 to	 interpretation	 (Okoli	 &	
 Pawlowski, 2004)
 • It	 approaches	 issues	 with	 “what	 could	 be”	 or	 “what	 should	 be”	 rather	 than	 simply	 “what”	
(Hsu & Sandford, 2007).
Traditionally,	the	first	round	of	the	Delphi	technique	is	conducted	with	open	ended	questions.	Open	
ended	 questions	 are	 important	 in	 presenting	 deep	 and	 specialized	 content	 on	 the	 subject	 being	
studied	(Custer,	Scarcella,	&	Stewart,	1999).	The	first	round	of	questions	prepared	for	this	study	were	
prepared	based	on	the	theoretical	matrix	of	the	study	in	accordance	with	the	purpose	and	research	
questions of this study.
A	theoretical	matrix	assists	the	researcher	in	defining	the	dimensions	of	their	research	problem,	
determining	 the	 relationships	 between	 these	 dimensions,	 determining	 the	 scope	 of	 the	 data	
gathering	tools,	and	selecting	the	themes	to	utilize	during	the	analysis	of	data	(Yıldırım	&	Şimşek,	
2013).	Answers	to	the	21	open	ended	questions	about	the	usability	of	augmented	reality	in	open	
and distance learning environments, along with predictions are sought within this study. The 21 
items	 in	 the	 theoretical	matrix	were	finalized	 following	universal	design	principles,	 the	elements	
of open and distance learning, and the suggestions and corrections of two experts in qualitative 
research.
The 21 questions of the 1st round was presented to participants in a questionnaire form prepared 
in Google Forms. Following the 1st round, a Likert scale is frequently used to grade panelist opinions 
based	on	importance	(Thangaratinam	&	Redman,	2005).	In	this	study,	the	results	of	the	data	analysis	
from	the	responses	to	the	first	round	were	utilized	in	a	six	point	Likert	scale	that	graded	between	0	
(Unimportant) to 5 (Very Important) in the 2nd and 3rd rounds.
In summary,
The primary data gathering tools were questionnaires conducted in 3 rounds using the Delphi 
technique and prepared in an online environment.
 • In the 1st round, a qualitative questionnaire comprising of 21 open ended questions prepared 
from the theoretical matrix was applied.
 • In the 2nd	round,	the	data	gathered	was	analyzed	and	the	findings	were	used	to	apply	a	six	point	
Likert scale developed to determine the degree of importance of this data.
 • In the 3rd round, data from the 2nd	round	was	analyzed	and	based	on	the	findings,	another	six	
point	Likert	scale	was	applied	to	grade	the	findings	based	on	their	importance.
As a secondary data gathering tool, a structured interview form was applied on international expert 
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There are various differing viewpoints regarding data analysis in the Delphi technique. Data 
analysis	may	 be	 conducted	with	 both	 qualitative	 and	 quantitative	methods.	 In	 classical	 Delphi	




During this stage, grading importance is usually done using quantitative analysis (Thangaratinam 
& Redman, 2005).
In	the	first	round	of	this	Delphi	study,	the	open	ended	questions	derived	from	the	theoretical	matrix	
of universal design principles and the elements of open and distance learning aimed to gather 
deeper	 information	 regarding	 the	 usability	 of	 augmented	 reality	 in	 open	 and	 distance	 learning	
environments.	Responses	 to	 the	open	ended	questions	 in	 the	first	 round	are	usually	evaluated	
using content analysis (Neuendorf, 2002; Seuring & Müller, 2008). As such, the data from the 









of importance higher than the arithmetic average of 4 were accepted (x̄	≥4)	while	themes	between	3	
and 4 were determined for evaluation in the 3rd	round,	and	themes	with	an	arithmetic	average	below	
3 (x̄<3) were eliminated. 
The data analysis conducted following the 2nd round with these measures did not eliminate any 
themes.	The	number	of	 themes	with	arithmetic	averages	between	3	and	4	 to	be	re-evaluated	 for	
degree of importance in the 3rd	round	was	27,	while	the	number	of	themes	with	arithmetic	averages	
between	4	and	5	reaching	a	consensus	among	experts	was	76.	The	results	of	the	second	round	are	
portrayed in Table 2.
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Based on the responses provided in the 2nd	round,	27	of	the	103	usability	themes	were	uploaded	to	
the online form along with their average values in the 3rd round to once again determine their degree 
of	importance.	The	same	six	point	Likert	scale	ranging	from	degrees	between	0	(Unimportant)	to	5	
(Very Important) was used.
For the 3rd round, themes with an arithmetic average of 4 and higher (x̄	≥4)	were	accepted	while	
themes	with	arithmetic	averages	below	4	(x̄	≥4)	were	eliminated.	
In the 3rd	round,	other	than	one	theme,	the	arithmetic	average	of	all	26	other	themes	was	found	to	be	
higher than in the 2nd round. With these measures in place, the data analysis conducted following the 
3rd	round	eliminated	11	themes	and	accepted	16	themes.	Thus,	11	of	the	total	103	usability	themes	
were eliminated throughout the 3rd round while a consensus was reached regarding 92 themes. It 
was	also	agreed	that	regarding	the	themes	eliminated	following	round	3,	a	consensus	could	not	be	
reached	in	round	4,	so	the	Delphi	rounds	were	concluded.	The	final	status	obtained	following	round	
3 is portrayed in Table 3.
Table 3: Total Eliminated and Accepted Themes in Round 3
3rd round results Total
Eliminated themes 11 11
Accepted themes 16 92
The data analysis for the interviews comprised of four structured questions conducted as a 
secondary	data	gathering	tool	was	executed	similarly	to	the	data	analysis	of	the	first	round	of	the	
Delphi technique, with qualitative content analysis.
Findings
This	study,	which	aims	to	determine	the	usability	of	augmented	reality	in	open	and	distance	learning	
environments in accordance with universal design principles, took into account seven universal 
design	 principles	 and	 revealed	 92	 usability	 themes	 under	 21	 headings.	The	 research	 questions,	
Delphi	round	1	interview	questions,	findings	and	results	of	the	research	were	all	prepared	based	on	
the fundamental goal of the study.
Of	 the	103	 themes	emerging	at	 the	end	of	 the	first	 round,	27	were	 transferred	 from	 the	2nd 
round to the 3rd round for re-evaluation. Within this round, 11 themes were eliminated, 16 were 
accepted	and	a	 total	of	92	 themes	were	evaluated	as	principles	of	usability	as	a	result	of	 this	
study.	During	 the	data	analysis,	 data	 from	both	 the	opinions	obtained	 from	 the	Delphi	 panels	
from	 experts	 in	 Turkey,	 and	 data	 obtained	 from	 structured	 interview	 forms	 obtained	 from	 6	
different countries were utilized. The 92 themes that emerged are portrayed in Table 4. This 
study,	which	aims	to	determine	the	usability	of	augmented	reality	in	open	and	distance	learning	
environments in accordance with universal design principles, took into account seven universal 
design	principles	and	revealed	92	usability	themes	under	21	headings.	The	research	questions,	
Delphi	round	1	interview	questions,	findings	and	results	of	the	research	were	all	prepared	based	
on the fundamental goal of the study.
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Discussion and Conclusion
Within	 the	 scope	 of	 this	 study,	 which	 aims	 to	 determining	 the	 usage	 possibilities	 of	 augmented	
reality	in	open	and	distance	learning	environments	based	on	universal	design	principles,	a	total	of	
92	usability	 themes	under	21	headings	were	presented	under	 seven	universal	 design	principles.	
This	study	was	not	 limited	to	a	certain	group	of	participants	 for	Delphi	 rounds,	but	data	was	also	
gathered	 from	 participants	 in	 other	 countries	 and	 observations	were	made	 regarding	 studies	 on	
augmented reality. Throughout the Delphi rounds, data triangulation was conducted using online 
forms	 with	 open	 ended	 questionnaires,	 online	 forms	 with	 quantitative	 based	 Likert	 scales,	 and	
structured qualitative interview forms presented to foreign experts as a secondary data gathering 
tool. Space triangulation is used to resolve the limitations of conducting a study within a single culture 
and	society	 (Cohen,	Manion,	&	Morrison,	2013).	 In	 this	 regard,	one	of	 the	 researchers	observed	
the perceptions regarding augmented reality within a different culture in China, conducted informal 
interviews with programmers developing augmented reality applications, and also gathered data 
with structured interview questions presented to a team and participating academics developing and 
studying	augmented	reality	at	a	“Digital	Laboratory”.
The	most	 fundamental	 characteristic	of	 the	flexibility	 in	use	universal	design	principle	 refers	 to	
offering	broad	options	to	users	by	adapting	to	different	knowledge	and	skills.	In	this	regard,	one	of	the	
findings	of	this	heading	was	the	significance	of	artificial	intelligence	(AI),	smart,	and	personalizable	
systems	 for	 the	development	of	adaptive	systems.	The	combination	of	AI	and	augmented	 reality	
applications	 is	gaining	prominence	not	only	 in	open	and	distance	 learning,	but	 in	all	 educational	




2016). In short, new augmented reality systems in which AI is used may provide an impressive use 
opportunity in open and distance learning systems.
Regarding	enriching	imagination	through	augmented	reality,	the	foremost	finding	was	the	power	
augmented	reality	has	to	actualize	abstract	concepts.	Learners	in	open	and	distance	learning	systems	




user through the use of mirrored rays, transparent screens, holograms or video projectors rather 
than	hardware	implemented	on	the	head	or	body,	glasses,	or	mobile	devices	(Lee	et	al.,	2019).	While	
this approach has it’s strengths and limitations, the development of three dimensional thinking and 
spatial	intelligence	by	spatial	augmented	reality	is	supported	by	many	studies	(Benko	et	al.,	2015;	
Laviole	et	al.,	2018;	Rossi,	2018),	indicating	that	augmented	reality	may	also	be	used	by	distance	
learners to enrich creative thinking and imagination in this regard.
There is a misconception that augmented reality is only related to our visual senses. Augmented 
reality,	starting	with	our	sense	of	hearing,	is	also	capable	of	encompassing	other	methods	of	sensory	
interaction	such	as	touch	(tangible	augmented	reality),	taste,	and	smell	(Azuma	et	al.,	2001).	While	
augmented reality studies covering the enrichment of auditory (Chatzidimitris et al., 2016; Härmä 
vd., 2004; Heller et al., 2016; Jot & Lee, 2016; Tashev, 2019) and tactile (Bach et al., 2017; Bau & 
Poupyrev, 2012; Choi, 2019) reality are prevalent, studies on taste and smell also exist (The New 
Economy,	2014).	As	such,	another	finding	of	this	study	is	that	contrary	to	the	notion	that	augmented	
reality	 is	only	 related	 to	sight,	 interfaces	may	be	designed	 for	other	senses	as	well.	While	some	
Open Praxis, vol. 12 issue 2, April–June 2020, pp. 283–307
The Usability of Augmented Reality in Open and Distance Learning Systems 301
simulators	encompassing	all	five	sensory	apparatus	have	been	developed,	especially	in	the	context	
of	virtual	 reality,	 their	adaptation	 to	augmented	reality	and	development	 in	both	virtual	and	actual	
reality	rather	than	merely	virtual	reality	may	be	possible.
Another conclusion of this study was the development of augmented reality applications of 
individuals	with	disabilities	 in	open	and	distance	learning	systems,	wherein	the	augmented	reality	
would	adapt	depending	on	 the	 type	and	severity	of	 the	disability.	Rather	 than	offer	 vision	based	
augmented reality applications to a learner with visual impairment, providing aural, oral and 
olfactory	stimulus	would	be	more	effective.	As	such,	adaptive	designs	based	on	disability	type	must	
be	 conducted.	Many	 studies	 on	augmented	 reality	 regarding	people	with	 disabilities	 support	 this	
conclusion. VA-ST, an English technology company, designed a set of prototype augmented reality 
glasses named Smart Specs aiming to improve the vision of people with partial visual impairment, 
glaucoma,	night	blindness,	and	other	impairments	such	as	macular	degeneration	(Metz,	2015).	The	
further	 development	 of	 such	 applications	 towards	 disabilities	 may	 be	 foreseeable.	An	 important	
aspect	of	this	would	be	the	feedback	obtained	from	learners	with	disabilities.	As	the	end	user,	it	is	
important	that	people	with	disabilities	provide	opinions	and	determine	the	strengths	and	weaknesses	
of	 augmented	 reality	 applications	 developed	 for	 them.	This	 feedback	would	 ensure	more	 robust	
applications	and	the	addressing	of	shortcomings.	In	summary,	it	is	important	to	work	with	disabled	
individuals throughout the whole development process. Another conclusion that was drawn was the 
design	of	systems	capable	of	automatically	sensing	based	on	the	disability,	personal	preference,	or	
sensory	requirements.	One	example	would	be	the	sensing	of	a	visually	impaired	individual,	and	their	
subsequent	direction	 toward	augmented	 reality	applications	 that	present	stimuli	other	 than	visual	
stimulus.	Currently,	 the	use	of	sensors	may	be	an	approach	 for	 the	determination	of	 the	sensory	
impairment. The data gathered from sensors regarding the sensory impairment type may allow the 
system to automatically adapt appropriately.
As	a	branch	of	wearable	technologies,	smart	glasses	are	frequently	used	in	the	field	of	augmented	
reality	 (Rauschnabel	 et	 al.,	 2015;	Rauschnabel	 &	Ro,	 2016;	Ro	 et	 al.,	 2018;	 Sun	&	 Lan,	 2019)	
and	 their	 influence	 on	 learning	 processes	 have	 been	 previously	 studied.	Many	 large	 technology	
companies have produced and released their own augmented reality and virtual reality glasses, 
enabling	 a	 competitive	market.	With	 the	 interactions	 they	 provide,	 these	 glasses	 provide	 virtual	
and	digital	supplements	to	the	physical	world	of	the	user	and	may	thereby	create	unique	learning	
environments.	 The	 remote	 access	 feature	 of	 smart	 glasses,	 enabling	 learners	 to	 connect	 with	
other learners, instructors, and learning resources in their learning environments suggests that this 
technology	may	be	used	more	effectively	in	the	future.
There	 is	 a	 direct	 correlation	between	wearable	 computers	 and	augmented	 reality	 technologies	
(Barfield,	 2015;	Tussyadiah	et	 al.,	 2018).	 In	 this	 section	 of	 the	 study,	 the	 foundation	 established	









debates	on	 this	subject,	 the	studies	conducted	 indicate	 the	 leniency	 towards	 the	development	of	
augmented	reality	based	contact	lenses.
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Recommendations
Despite	being	extensively	used	 in	 traditional	 face	 to	 face	 learning	environments,	various	differing	
approaches	 emerged	 regarding	 augmented	 reality	 and	 the	 indeterminate	 ways	 it	 may	 be	 used	
in	 distant	 locations.	A	 total	 of	 92	 themes	 presented	 under	 21	 headings	 determined	 based	 on	 3	





open education faculties, distance education centers, and open universities that provide open 
and distance learning services.
• Face to face educational institutions at primary and secondary levels along with universities 
may	conduct	further	studies	regarding	the	most	effective	and	efficient	use	of	augmented	reality	
in addition to open and distance learning institutions.
Recommendations for Researchers
• The	 usability	 of	 augmented	 reality	 is	 presented	 under	 a	 broad	 scope	 within	 this	 study.	 In	
this	 regard,	 the	usability	of	more	specialized	applications	and	environments	such	as	mobile	







• There is a lack of research regarding the use of virtual reality in open and distance learning 
environments,	despite	being	related	to	but	significantly	different	than	augmented	reality.	Various	
studies	that	focus	solely	on	virtual	reality	may	be	conducted.






and distance learning on the academic achievement, interest and motivation levels of learners.
• The	92	usability	themes	that	emerged	from	this	study	may	be	considered	as	separate	subjects	
of	inquiry	in	various	regards	by	different	researchers.




• The	 current	 status	 of	 augmented	 reality	 applications	 may	 be	 followed	 in	 accordance	 with	
developments and the pace of advances in technology, allowing for innovative new research.
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